Introduction
Atomic coherence results in many significant physical phenomena which are the result of interaction between glares and materials. Recently, experimental research on atomic coherence has increasingly been reported [1] [2] [3] . The six wave mixing photonic band gap signal (SWM BGS) is a well-known nonlinear optical effect which can be generated by lights with different frequencies and different quantum properties. Experimental and theoretical studies illustrate that atomic coherence caused by electromagnetically induced transparency (EIT) plays a critical role in the nonlinear wave mixing process [1] [2] [3] [4] [5] [6] [16] [17] [18] [19] . Studies have been reported to observe and understand EIT and its related effects in multi-level atomic systems [7, 8] . The SWM signal can be regulated by power, detuning and the incident angle of beams involved in generating the SWM signal process. Meanwhile, the SWM signal can transmit through an atomic medium and the fluorescence signal (FLS) can be generated by a spontaneous emission [9, 10, 2, 13] . At a deeper level, EIT-based nonlinear schemes can be driven by traveling beams. Meanwhile, EIT can be commanded by standing wave, which is formed by two counterpropagating coupling fields with the same frequency and wave vector [11, 12] . We demonstrate electro magnetically induced grating (EIG) possessing a photonic band gap (PBG) structure that has a potential application in all-optical switches through theoretical and experimental research. In addition, better PBG can be created by the manipulation of light [14, 15, 20, 21] .
In this paper, we investigate the optical response in hot rubidium ( 85 Rb) atoms driven by a standing wave coupling field, two dressing fields and a probe field, from which the SWM BGS, PTS and FLS can be obtained and then controlled by adjusting the power, detuning and changing the relative phase of the dressing beams. We focused on the enhancement and suppression of these signals under the double dressing effect in an inverted Y-type atomic system. The relations among these three signals are also discussed in detail in this paper. The paper is arranged as follows: in section 2, we introduce the theory and experimental scheme; in section 3, we demonstrate simulated and experimental results on the PTS, SWM BGS and FLS in detail; finally, we conclude the paper systematically in section 4. i (Ω i is the resonance frequency of the transition driven by E i ) and Γ ij is transverse relaxation rate between i and j . When the strong fields ( ) ′ E E 3 3 and E 2 dress energy level 1 together, the pathway is modified and the first-order density matrix elements can be obtained as follows:
i . (1)
Based on the pathway , we can get the fifth-order density matrix as follows:
is the Rabi frequency with µ i being the transition dipole moment. Here, referring to the equation ε χ µ ρ = E N 0 in which ε 0 is the di electric constant and N is the atoms density, we have formulas for the first-and fifth-order susceptibilities as follows: Schematic of an EIG formed by two coupling beams E 3 and ′ E 3 . Together with the dressing field E 2 and probe field E 1 , a dressed SWM BGS E s will be generated according to the phase-matching condition
In order to estimate the PTS and the SWM BGS, we start by solving the nonlinear coupled wave equations:
where
represent the probe and SWM BGS fields respectively,
Re cos
is the phase mismatch magnitude where θ is the angle between probe E 1 and
is the attenuation of the field due to the absorption of the medium and
is the gain due to nonlinear susceptibility. 
In this paper, . We can obtain the expression of the singly dressed density-matrix element 
(where SD stands for singly dressed). When beam E 2 is turned on, the fluorescence process has two dressing fields.
According to the pathway
, the equation of
can be modified as:
(where DD stands for doubly dressed). For the FLS R 1 , we can obtain the density-matrix element as follows: 
Results and discussions
In this section, we demonstrate the variation in the intensity of the PTS, SWM BGS and FLS versus detuning ∆ 2 by blocking different fields in an inverted-Y system. First, figure 2(a) demonstrates the changes to the PTS from blocking different laser beams. In figure 2(a1), there is no beam blocked and there exists a peak on the PTS at the position of ∆ = −∆ The peak represents the enhancement transmission of PTS which is known as EIT. Further, when beam E 1 is blocked, the peak disappears in figure 2(a2) which can be predicted by the term
When ′ E 3 is blocked, one should witness the larger EIT in figure 2(a3) than figure 2(a1). This phenomenon is attributed to the strong cascade-dressing interaction of beams ′ E 3 and E 2 due to the term
ρ 10 1 . But in practice, the signal in figure 2(a3) did not increase compared with figure 2(a1). The reason for this experimental phenomenon is that the power of ′ E 3 is too small, resulting in changes not being obvious in the term
When the E 3 beam is blocked in figure 2(a4) , we find that the EIT of the PTS becomes higher than that of figure 2(a1) due to the same cascade-dressing reason as in figure 2(a3).
In figure 2(b) , we demonstrate the amplitude variation of SWM BGS through blocking different laser beams. When all the laser beams are on, one can find a peak in the SWM BGS as shown in figure 2(b1), which is generated by E 1 , E 2 , E 3 and ′ E 3 according to the ( ) ρ 10 5 of equation (2). In figures 2(b2)-(b4),
and E 3 are blocked, respectively. As a result, one finds that the peak disappears from the SWM BGS. Therefore, we prove the existence of the SWM BGS, and at the same time, beams E 1 , E 3 and ′ E 3 as the field, producing the SWM BGS, are essential conditions.
In figure 2(c1) , the peak is obtained at ∆ = −∆ figure 2(c2) . By blocking E 3 , the peak in figure 2(c4) becomes lower than in figure 2(c1) ; this is due to the disappearance of the enhancement effect of the nestdressing effect of E 3 decided by the term
in the
. Blocking ′ E 3 should have the same effect on FLS compared with blocking E 3 as shown in figure 2(c3). As the ′ E 3 field is too weak, the variation is not obvious compared with figure 2(c1).
In figure 3 , we measure the variation by setting ∆ 1 with the different discrete values by scanning ∆ 2 . Figure 3(a) shows the PTS scanned with ∆ 2 at each curve. One can notice that the peak of every component curve, which appears at ∆ = −∆ in equation (12) . Next, we concentrate on the signal intensity depending on the power of laser beam E 2 by scanning ∆ 2 as shown in figure 4 . First, when the power of beam ( ) E P 2 2 changes from small to large, we arrange the experimental curves from bottom to top in figures 4(a)-(c). In figure 4(a) , the peak, locating at ∆ = −∆ When the power of P 2 is changed from small to large values, the peaks become higher due to the increasing enhancement effect of E 2 by considering the dressing term / G d In figure 4(b) , we illustrate the intensity of the SWM BGS in the reflection signal. Analyzing the SWM BGS in a similar way as to the case of the PTS, one can find the SWM BGS peak at ∆ = −∆ 2 1 , and the peak becomes high with increasing P 2 because E 2 is one generation field of the SWM BGS according to ( ) ρ 10 5 of equation (2). , when we change the relative phase of E 2 as 0, 1/5π, 2/5π, 1/2π and 7/10π, respectively.
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